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CLINICAL INVESTIGATION
Plasma volume recovery after ultrafiltration in patients with
chronic renal failure
HENDRIK A. KOOMANS, ANTON B. GEERS, and EVERT J. DORHOUT MEES
Deparimeni of Nephrologv and Hypertension, University Hospital, Utreclir, The Netherlands
Plasma volume recovery after ultrafiltration in patients with chronic
renal failure. We studied the effect of standardized ultrafiltration (UF, 2
liters in 60 mm) on plasma volume (PV. '311-albumin space) and its
recovery, with special reference to the tissue hydration before UF.
Twenty-one UF sessions were performed in 15 patients with endstage
renal failure. The PV reduction, which varied considerably, was maxi-
mal at the end of UF (range, —0.7 to —21.9%); after that PV recovered
reaching a plateau in the second hour after UF. A highly significant
negative correlation was found between the interstitial fluid volume
(IVF, calculated from 82Br space-PV) and the PV reduction at this
stage (r = —0.89, P < 0.0001). Despite avoidance of major changes in
total extracellular fluid in the next 24 hr, a further restoration of PV took
place which was partial in subjects with normal tissue hydration, but
complete or even excessive in grossly overfilled subjects. This PV
repletion was accompanied by an increase in the intravascular mass of
albumin (P < 0.02). The negative correlation between initial IFV and
PV change persisted after 24 hr (r —0.83, P < 0.0005). In most
occasions the blood pressure fell, but only in eight occasions frank
hypotension followed. Heart rate remained remarkably unaltered, even
during hypotensive episodes. Changes in plasma renin activity followed
no uniform pattern. Our findings indicate that the tissue hydration state
has a strong ii.fluence on changes in PV during fluid removal and the
subsequent repletion of PV.
Récupération du volume plasmatique après ultrafiltration chez des
malades en insuffisance rénale chronique. Nous avons étudié l'effet
d'une ultrafiltration standardisée (UF, 2 litres en 60 mm) sur Ia volémie
(PV, espace '311-albumine) et sur sa récupération, avec une référence
spéciale a l'hydratation cellulaire avant UF. Vingt et une seances d'UF
ant été effectuées chez 15 malades en insuffisance rénale terminale. La
reduction de PV, qui variait considCrablement, était maximale a Ia fin de
l'UF (entre, —0,7 et —21,9%); ensuite PV récupérait, atteignant un
plateau a Ia seconde heure après UF. Une correlation negative haute-
ment significative a etC trouvCe entre Ic volume liquidien interstiliel
(IVF, calculé a partir de I'espace 82Br-PV) et Ia reduction de PV a cc
stade (r 0,89, P < 0,0001). Malgré lahsence de changements
importants des liquides extra-cellulaires totaux au cours des 24 heures
suivantes, une restauration supplCmentaire de PV s'est produite, par-
tielle chez les sujets dont I'hydratation tissulaire Ctait normale, mais
complete, voire excessive chez les sujets en surcharge majeure. Cette
repletion de PV s'accompagnait dune augmentation de Ia masse
intra-vasculaire d'albumine (P<0,02). La correlation negative entre
1FV initial et Ia modification de PV persistait au-delà de 24 heures (r =
0,83, (P < 0,0005). La plupart du temps. Ia pression sanguine a chute,
mais a etC suivie d'une hypotension franche seulement huit fois. Le
rythme cardiaque est resté remarquablement inchangC, mCme pendant
les episodes d'hypotension. Les modifications de l'activité rCnine
plc.smatique n'ont pas suivi un schema uniforme. Nos résultats indiqu-
ent que l'état d'hydratation tissulaire a une forte influence sur les
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modifications de PV pendant Ia soustraction de liquide et Ia repletion de
PV qui suit.
Hemodialysis hypotension is a still unresolved enigma of
probably multifactorial origin [1—6]. To minimize the effect of
blood volume reduction as one of the contributing factors, it has
been recommended to correct body fluid volumes in separate
sessions in patients particularly prone to hypotensive episodes
[7—9j. Isolated ultrafiltration (UF) may also cause hypotension,
which was found to be related to the quantity and rate of fluid
removal [10]. It is generally believed that blood volume reduc-
tion plays a leading part in the generation of such hypotension
[1, 2, 7. 111.
In contrast to the many studies on hemodynamics during
dialysis or UF [1, 3—5, 8—10, 12, 131 are the very few reports in
which attention has been given to the redistribution of extra-
cellular fluid during volume reduction [7, 11, 12]. The question
of why the blood volufne reduction during fluid removal is large
in one patient and only very limited in another remains particu-
larly unanswered from these studies. From the curvilinear
relationship between blood volume and total extracellular fluid
volume [14]. it may be predicted that the total hydration state
has a paramount influence on the behavior of the blood volume
during fluid removal. In the present study we approached this
subject by examining the fluid redistribution caused by a
standardized UF in a number of patients with far advanced
renal insufficiency, and found that predominantly the initial
state of hydration determines whether or not the blood volume
drops.
Methods
Patients. Fifteen hospitalized patients were included in the
study. Five of them underwent the UF procedure more than
once, and a total number of 21 sessions of standardized UF
were carried out. Pertinent patient data are given in Table I.
Some of the patients were on regular dialysis, and the others
had far advanced renal insufficiency. In the latter group UF was
performed to relieve the sometimes very severe edema,
whereas in the patients on regular dialysis the reason generally
was moderate fluid surplus or the need to correct hypertension.
No antihypertensive drugs or diuretics were used during or in
the week prior to the study. Informed consent was obtained
from all subjects.
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Table 1. Clinical data
Creatinine Extracellular
Patient diagnosis Age clearance Plasma volume Blood volume fluid volume BP
no. years Sex m1 min m1 kg' LBM m1 kg LBM m1 kg' LBM mm Hg
1 Chronic rejection 27 M RD 80.4 106 295 165/103
2 Glomerulonephritis 47 F RD 99.1 114 423 150/85
3 Glomerulonephritis 29 M RD 91.0 116 307 150/101
4 Chronic rejection 25 M RD 88.0 106 344 169/104
5 Anephric 34 M RD 110.3 134 426 130/85
6 Unknowna 68 F RD 64.0 81 510 182/95
7 Unknown° 68 F RD 68.2 84 499 175/91
8 Unknown° 68 F RD 76.5 97 327 103/60
9 Glomerulonephritis 29 F RD 60.5 80 347 200/120
10 Glomerulonephritis 67 M RD 73.9 92 423 143/83
11 Glomerulonephritisa 62 M 4.2 71.9 87 379 115/67
12 Glomerulonephritisa 62 M 4.2 69.2 87 352 120/75
13 Glomerulonephritisa 72 M 5.5 82.5 105 396 200/95
14 Glomerulonephritisa 72 M 5.5 83.9 106 346 165/80
15 Diabetic nephropathy' 29 M 8.1 84.0 107 443 150/89
16 Diabetic nephropathya 29 M 8.1 80.6 102 361 143/88
17 Glomerulonephritisa 54 F 10.2 68.2 95 391 196/105
18 Glonierulonephritis° 54 F 10.2 72.2 90 552 188/1 13
19 Analgesic nephropathy 62 F 4.0 64.0 84 304 227/103
20 Glomerulonephritis 22 F RD 71.7 91 393 130/90
21 Glomerulonephritis 52 M 4.8 88.7 109 347 160/1 10
Abbreviations: M, male; F, female; RD, regular dialysis (creatinine clearance below 5 ml min'); LBM, lean body mass; BP, blood pressure,
that is mean of these measurements prior to ultrafiltration.
a The subject was studied on several occasions.
Procedure. On the morning of the UF day the patients were
kept fasting and recumbent except for measurement of body
weight 2 hr before the start of the control measurements. Food
was withheld. Plasma and extracellular fluid volumes (PV and
ECFV) were measured as '311-labelled albumin and t2Br-
distribution volumes, respectively [15]. Blood samples were
taken without the use of a tourniquet and via a heparinized
indwelling venous canula for the determination of plasma renin
activity (PRA) and sodium concentration (once) and the colloid
osmotic pressure (COP), hematocrit (Hct), albumin, and total
protein (three times). Blood pressure (BP, sphygmomanometer)
and heart rate were monitored non-automatically at 10-mm
intervals. After the completion of these measurements the
subjects, still recumbent, were connected to the UF equipment
with their usual shunt or a catheter in the inferior caval vein. In
all cases a two-needle system and a plate high flux dialyzer
(Gambro Lundia, Lund. Sweden) were used together with a
Gambro-AK 10 and ultradiffusion monitor, UDM-10-1 (Gambro
Lundia S, S-220). The blood compartment was primed with 100
ml 0.9% saline. The UF rate was adjusted by variation of the
transmembranous pressure during a constant blood flow of 200
ml min1, and fluid was withdrawn at a rate of about 330 ml in
10 mm or 2 liters in 1 hr. The rate of ultrafiltration was
monitored continuously by collection in a glass cylinder. In
some patients the UF rate had to be adjusted to a lower level
because of hypotension, but in all patients studied the proce-
dure was terminated within 75 mm; the minimum volume
removed was 1.8 liters. During hypotensive episodes no fluids
were administered. Blood pressure and heart rate were re-
corded every 10 mm, and blood samples collected for the
determination of COP, Hct, albumin, and total protein at 10, 20,
40, and 60 mm (or when 330, 660, 1320, and 2000 ml had been
removed). After termination of the UF, the blood from the
dialyzer was returned to the patient, and approximately 75 ml
0.9% saline was used to clear the dialyzer. This amount was
substracted from the volume removed. In the following 2 hr the
measurements were repeated at 10, 20, 40, 60, 90, and 120 mm.
Blood for the determination of PRA was taken at the end of UF
and 2 hr after that. Twenty-four hours after the UF procedure
all measurements, except 82Br distribution volume, were re-
peated, after at least 2 hr of recumbency. During the study the
patients were on a salt-poor (< 30 mmoles NaCI) diet and fluid
restriction of 600 ml. Urine specimens were collected for
sodium excretion. To prevent disturbance of the blood volume,
the total amount of sampled blood was kept as small as
possible, and amounted to 70 ml between the plasma volume
determinations.
Laboratory techniques. PRA (fmoles I_I . sec') was mea-
sured by radioimmunoassay according to a modification of the
method described by Haber et al [16]. Undiluted plasma was
incubated for 1 hr at 37°C and pH 5.6 with PMSF and 8-OH-
quinoline as inhibitors and deproteinized with acetone/4 N
ammonia 9:1 v/v. Blood samples were collected in pre-chilled
EDTA-containing tubes. Plasma COP (mm Hg) was determined
with the oncometer (C.C.M.I., Los Angeles, California, USA).
Hct was measured by the microhematocrit method in quadru-
plicate. Sodium was assessed in the type S Autoanalyzer
(Technicon Instruments Corporation, Tarrytown, New York,
USA). Total protein was determined by gel electrophoresis.
Albumin was measured immunoturbidimetric on a multistat
centrifugal analyzer.
Calculations and statistics. Body fluid volumes were ex-
pressed as milliliters per kilogram lean body mass (LBM), to
permit comparison between individuals, irrespective of sex
[17]. t2Br distribution volume was corrected for effects of
Donnan equilibrium, plasma water, and erythrocyte penetration
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Fig. 1. Percent changes in plasma volume during and after 21 sessions
of standardized ultrafiltration.
of bromide, to approximate true ECFV. Interstitial fluid volume
(IFV) was estimated by subtractions of PV from ECFV. Blood
volume (BY) was calculated from PV and Hct [151. Changes in
plasma volume were computed from changes in Hct using the
formula of van Beaumont [18] and whole body Hct (= 0.87 x
peripheral venous Hct). Intra-individual changes were evalu-
ated with Wilcoxon's test for paired data, and correlations with
Spearman's ranking correlation test. Values are given as means
SD unless otherwise indicated. Normal values for body fluid
volumes in our laboratory are: PV, 55.6 6.0; By, 88.3 8.6;
ECFV, 298.4 23.1; and IFV, 241.8 22.3 ml/kg LBM (N =
25, 16 males and 9 females).
Results
Plasma volume
Figure 1 shows the course of the PV for all subjects individu-
ally. It is apparent that PV reached a minimum at the end of the
ultrafiltration, and subsequently recovered reaching a plateau in
the second hour after the procedure. Despite a basically similar
pattern in all subjects, there is a striking interindividual varia-
tion in the degree of hemoconcentration. At the end of UF, for
example, the decrease in PY ranged from only 0.7% to as much
as 21.9%.
There was a significant correlation between the IFV before
UF and the degree of hemoconcentration, expressed as the
percent of change of the Hct at the end of UF (r =
—0.72, P <
0.002) and in the second hour after UF (r = —0.86, P < 0.0002),
when an equilibrium of the fluid redistribution had been ob-
tained (Fig. I).
Figure 2 shows the decrease of PV as a fraction of the total
amount removed, plotted against the initial IFV. This approach
offered the advantage of avoiding influence of the (small)
differences in the amount of removed volume on the PV
decrease. The mean PV reduction in the second hour after UF
is meant. The graph shows clearly that the lower the initial IFV,
the more PV at this stage had been reduced by the UF
procedure (r = —0.89, P < 0.0001).
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Fig. 2. Individual changes in plasma volume (as percent of the total
volume removed by ultrafiltration) as a function of the interstitial fluid
volume (IFV). The data concern the second hour after ultrafiltration
(UF).
Table 2. Individual data on body weight, plasma sodium, urinary
output, and volume removed by ultrafiltration
Plasma
Case body weight
kg
sodium
mEqiliter
——
Fluid
removed
Urine
flow,
24 hr1
Sodium
excretion
24hr
Before 24 hr Before 24 hr ml ml mEq
1 66.5 64.8 134 134 1875 1000 23
2 76.7 75.0 137 136 2025 0 0
3 48.6 47.0 136 136 2025 400 10
4 64.4 62.3 141 143 1865 0 0
5 62.8 61.0 133 135 2045 0 0
6 54.0 52.4 135 134 1850 0 0
7 53.5 51.8 130 132 1845 0 0
8 46.3 44.1 133 135 1905 0 0
9 55.4 53.3 136 135 1925 0 0
10 57.0 55.3 130 129 1975 0 0
11 65.6 64.0 135 137 1825 400 18
12 64.0 62.0 137 136 2025 50 2
13 63.8 61.7 143 144 1955 1200 29
14 61.7 60.1 144 143 1825 800 29
15 75.6 73.9 137 136 2125 750 20
16 70.9 69.0 138 136 1950 275 6
17 85.8 82.3 138 140 2000 1190 84
18 97.9 95.3 127 128 2100 1000 26
19 52.7 50.6 136 134 1875 400 12
20 71.3 68.5 139 140 1875 800 26
21 70.8 69.2 142 139 1975 190 11
Twenty-four hour data are given to judge volume balance after
ultrafiltration.
To evaluate the effect of UF on the PV during the next 24 hr,
it was important that no major changes in extracellular fluid
took place. The data on plasma sodium, body weight, urinary
sodium excretion, and removed volume in Table 2 show that
this was the case in virtually all instances except patient 17.
Therefore this patient and patient 7 whose data were incomplete
were not included in the 24-hr evaluation of PV. Despite the
apparent equilibration of fluid redistribution reached in the
second hour after UF, a further re-expansion of the plasma
volume took place in most patients. Figure 3 shows the mean
PY before and at the end of UF, and, in the second hour and 24
hr after UF. The mean PV at 24 hr had almost reached the initial
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Fig. 3. Mean plasma volume before and after ultrafiltration ((IF).
Plasma volume at 24 hr was remeasured with '311-albumin (0) as well as
calculated from changes in hematocrit and the plasma volume before
ultrafiltration (•).
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Fig. 4. Individual changes in plasma volume (as percent of the total
volume removed by ultrafiltration) as a function of the interstitial fluid
volume (IFV). The data concern 24 hr after ultrafiltration (UF). The
dotted lines connect estimations within individuals at 24 hr (•) and in
the second hour (0).
level, whether PV at this stage was computed from changes in
the Hct or remeasured with 1311-albumin. There was a very
significant correlation between the two methods (r = 0.98, P <
0.00004), though with 1311-albumin a consistently slightly lower
value was obtained, probably due to the influence of blood
sampling on the Hct.
When regarded individually, this replenishment of the PV
was characteristically incomplete in the patients with a low
initial IFV, whereas in two grossly overhydrated patients even
an overshoot was noted. This is evident from Figure 4, where
the change of PV at 24 hr, relative to the amount of fluid
removed by UF, is plotted against initial IFV (r =
—0.83, P <
0.0005). For this plot the difference between the PV before and
24 hr after UF was calculated from the '311-albumin PV estima-
tions. The correlation between initial IFV and percent change in
Hct had also persisted (r =
—0.71, P < 0.003).
Table 3. Effect of ultrafiltration (UF) on plasma proteins and blood
pressurea
Before P End P
2hr
after P
24hr
after (IF
Albumin, gI 27.7 0.005 31.5 0.005 29.6 28.9
liter 6.7 7.8 7.6 7.2
IVM-albu- 109.3 0.02 104.4 105.4 0.02 109.2
mm, g 19.3 17.7 20.1 22.4
Protein, gI 63.4 0.005 71.5 0.005 68.0 0.005 65.5
liter 7.7 8.6 7.5 8.2
IVM-protein, 243.6 0.005 235.4 238.2 241.0
g 56.2 56.2 53.4 57.0
COP, 19.9 0.0001 23.9 0.0001 21.9 0.005 21.2
mm Hg 2.7 3.8 3.4 3.0
Systolic BP, 158.2 0.005 119.7 0.005 146.9 151.7
mm Hg 31.4 27.8 26.1 22.4
Diastolic BP, 91.5 0.005 76.8 0.005 85.9 89.9
mm Hg 15.0 16.8 13.9 13.8
MAP, mm 113.8 0.005 91.1 0.005 104.8 0.02 109.5
Hg 19.3 19.9 16.0 14.5
Intravascular protein
Contrary to the increases in plasma protein concentration and
COP (Fig. 5), the intravascular masses of total protein and
albumin (plasma volume x plasma protein concentration) both
decreased significantly during the fluid withdrawal (Table 3).
During the next 24 hr these intravascular masses tended to be
restored, although a significant repletion was only observed for
the albumin mass. These findings did not differ between the
overhydrated and the relatively dry patients.
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Fig. 5. Mean percent changes in arterial blood pressure (MAP), plasma
volume and plasma colloid osmotic pressure (COP), and mean changes
in heart rate during and after ultrafiltration.30
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Abbreviations: IVM, intravascular mass; COP, colloid osmotic pres-
sure; Systolic BP, systolic blood pressure; Diastolic BP, diastolic blood
pressure; MAP, mean arterial blood pressure.
Values are means SD.
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Table 4. Individual response of PRA (fnioles l' sec') to the
standardized ultrafiltration (UF)
Patient no. Before End 2 hr after UF 24 hr after UF
1 3500 5900 5980 5360
2 2330 1880 1990 —
3 3130 2880 2540 3020
4 40 40 40 —
5 30 30 30 30
6 280 540 640 270
7 270 620 390 —
8 1390 4020 2360 1500
9 560 520 380 530
10 30 50 40 50
11 1180 2060 1260 1520
12 1520 2490 1760 1320
13 750 870 670 420
14 420 870 580 380
15 640 1210 1090 750
16 990 1700 2110 630
17 1380 1990 1530 1220
18 — — — —
19 450 570 360 400
20 420 650 600 430
21 940 1940 1640 910
Hemodynamics
No correlations were found between any of the measured
fluid volumes (PV, BY, IFV, and ECFV) and mean arterial
blood pressure (MAP, computed as diastolic pressure + 1/3
pulse pressure) before UF.
In addition, the changes in BP during UF were not correlated
with the initial fluid volumes or initial BP, nor with the changes
in PV or BY. Mean changes in MAP and heart rate are given in
Figure 5 together with the mean changes in PY and plasma
oncotic pressure. In eight patients (patients 1, 2, 4, 5, 6, 7, 12
and 15) only a small (< 8%) change in MAP occurred, and in
five patients (patients 2, 13, 17, 18, and 21) a moderate fall in
MAP occurred without hypotension. In the remaining eight
patients a severe BP reduction (> 23%) resulted in frank
hypotension (systolic pressure < 100 mm Hg). These subjects
could not be distinguished by more obvious signs of pre-existing
heart failure or autonomic dysfunction, an older age, longer
duration of their renal disease, a lower initial BP, or a different
anti-hypertensive treatment prior to UF.
A pericardial effusion was present in patient 6 during the first
two UF sessions (6 and 7) but had disappeared before the last
UF session (8) which took place 3 weeks later. Except in
patients 1 and 21, no heart rate acceleration (> 10 beats/mm)
was observed. This was a remarkable observation, particularly
in view of the sometimes severe hypotension. In all patients
with a fall in BP during UF, we observed a rapid recovery
immediately after termination of the UF session (Fig. 5), and
some further increase in BP during the next 24 hr (Table 3).
Plasma renin activity
The response of the PRA to the fluid removal (Table 4) was
inconsistent and appeared unpredictable from initial fluid vol-
umes or basal PRA. On 14 occasions the UF induced a rise in
PRA, which had abated at 2 hr in 13 patients. On six occasions
no change in PRA occurred despite a MAP decrease of at least
23% in two patients. No correlations were found between the
initial PRA and the change in MAP during UF, or between
changes in PRA and changes in MAP, or between changes in
PRA and changes in PV or BY.
Discussion
A number of studies, mainly concerned with simultaneous
hemodialysis and ultrafiltration, in which changes in PV either
immediately after [2, 7, 121 or approximately 24 hr after UF [19,
201 were measured have been reported. In these studies a
connection with the hydration state before UF was never made.
Chaignon et al [121 recently reported that the distribution of
extracellular fluid loss due to hemodialysis differed widely
among their patients, and the resultant weight changes showed
only a weak correlation with the contraction of blood volume at
the end of the dialysis, a phenomenon they could not readily
explain.
From our findings it is evident that the refilling rate of the PV
is related to the hydration of the tissues. One way to explain this
is by assuming that the total tissue compliance varies with
tissue hydration. For individual types of tissue, it has been
demonstrated that the physical compliance increases to virtu-
ally infinite values when a certain degree of hydration is
exceeded [2 1—231. Thus, under conditions of gross overhydra-
tion that existed in some of our patients, the fluid drawn from
the interstitium to refill the depleted blood volume will not lead
to a drop of the tissue pressure, which would have counteracted
this redistribution of fluid. Near normovolemia, however, tissue
compliance is very low [2 1—231 and fluid withdrawal will cause
a fall in tissue pressure which opposes suction into the vascular
compartment.
The transition of the high tissue compliance during
overhydration to a low compliance during normovolemia is
rather sudden in isolated tissues [211, whereas in our study a
more gradual transition was found between complete PV reple-
tion (high tissue compliance) and partial repletion (low tissue
compliance). This might be explained by differences in the
volume-pressure curve among the tissues composing the whole
organism.
The regulation of tissue volume by alteration of the pre-to-
post capillary resistance ratio probably also plays a part in the
fluid redistribution after UF. This subject was reviewed re-
cently by Aukland and Nicolayssen [241. For example, experi-
mental reduction of the circulating volume in humans has been
shown to cause an increase in total vascular resistance together
with a decrease in forearm volume, which was attributed to an
increase in pre-to-post capillary resistance ratio and a fall in
capillary hydrostatic pressure [251. Correspondingly, the in-
crease in peripheral resistance which is crucial for the main-
tenance of BP during dialysis or UF-induced reduction in
circulating volume [1, 3, 4, 7, 8, 10] may serve to maintain blood
volume as well as BP. For this reason, and for the obvious
relation between circulating volume and cardiac output, we
might expect a positive correlation between changes in blood
volume and BP. That we did not find such a relation indicates
that the regulation of BP during UF-induced changes in circulat-
ing volume is complex. This can only be unraveled by detailed
hemodynamic studies. For example, Kinet et al [5] showed
recently that during dialysis some patients respond with a
marked reduction in cardiac output when the cardiac filling
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pressure falls, while others do not. Although in our study a
compromised cardiac function particularly in those patients
with hypotension during UF was not suspected in clinical
grounds, we cannot exclude such differences on cardiac per-
formance.
It is of practical importance that we occasionally observed a
substantial drop in BP in patients with a large fluid excess
(patients 8 and 14) who could rapidly refill their vascular
compartment. For this event no specific reasons like pericardial
effusion, cardiomyopathy, or overt autonomic dysfunction
were apparent. A similar finding was done by Kim et al [11].
Another remarkable observation was the absence of a heart rate
acceleration during the UF session in almost all subjects,
whether or not a drop in BP occurred. The nature of this
phenomenon, which has also been observed by other investiga-
tors [1, 5, 8—10, 121 is incompletely resolved. Because it was
such a uniform finding in our study, uremia-related autonomic
dysfunction seems to be an insufficient explanation, a conclu-
sion confirmed by other reports [3, 5, 6, 26].
Twenty-four hours after UF, a further refilling of the PV was
observed in most patients. This repletion tended to be in-
complete in patients with a near-normal interstitial fluid volume
prior to UF, complete in patients with moderate overhydration,
and even excessive in two patients with gross overhydration.
This overshoot in PV-recovery is not readily explained. The
amount of plasma volume repletion between the 2nd and 24th
hour after UF was more or less equal in overhydrated and
relatively dry patients (Fig. 4), and the very strong correlation
between the initial hydration of interstitial space and the change
in PV had persisted.
Other investigators [201 have reported that a body weight
reduction of about 1.4 kg during hemodialysis in a group of
patients had virtually no influence on the 24-hr post-treatment
PV and concluded that interstitial fluid served as the buffer zone
for alterations in extracellular fluid. From our findings it is
evident that this conclusion may apply to average changes in a
group but is incorrect for individuals, because the findings in
individuals differ essentially according to the state of hydration.
Leenen et al [191 also studied the distribution of the ECFV
before and 24 hr after dialysis with a weight reduction of about
1.5 kg in six patients, and reported only slight changes in PV on
the average. However, closer analysis of their data reveals large
individual differences in total ECFV before dialysis and a very
large decrease of PV in the one patient with a very low ECFV,
which is consistent with our findings.
The mechanism leading to these delayed alterations of PV is
obscure. In the fluid redistribution occurring during and early
after UF, the interstitial compliance probably plays an impor-
tant role. Because the refilling of the plasma compartment is a
rapid phenomenon (about 2 liters/hr in a subject with virtually
no change in PV!) a new equilibrium is established shortly after
UF. From the course of post-UF hemodilution we deduce that
this equilibrium is established before or during the second hour
after UF. It is likely that other factors are responsible for the
much more gradual further fluid redistribution occurring after
this stage, for example, a gradual further increase in pre-to-post
capillary resistance ratio, which mobilizes fluid from the
interstitium. Our data give no information on this point. The
slight increase in BP occurring between 2 and 24 hr after UF
might support this explanation, but might also be a consequence
of the re-expansion of the PV.
A temporary increase in the lymphatic return of tissue protein
to the blood, owing to an increase of the interstitial protein
concentration after fluid withdrawal, might also cause a second-
ary increase in PV. This explanation would also clarify the
overshoot in PV seen in the grossly overhydrated subjects. The
small increases in intravascular masses of total protein and
albumin (only significant for the latter) would fit this explana-
tion. Interestingly, this increase replaced the modest but sig-
nificant drop in intravascular protein which occurred during the
UF procedure.
The response of the PRA 'o the volume reduction varied
widely among the patients, most of whom showed some rise in
PRA which with one exception had disappeared after 24 hr.
Often the return to the initial value had already started in the
first 2 hr after UF. It is obscure whether the restoration of the
BP or the repletion of the PV, or both, were responsible for this
phenomenon, as neither the UF-induced changes in BP nor the
changes in PV correlated to the changes in PRA. A correlation
between changes in PRA and UF-dialysis-induced BP reduction
was also absent in a study by Kotchen et al [27], but they found
a correlation between the change in PRA and the volume
removed, whereas in our study the removal of a constant
volume evoked highly divergent PRA responses. On six occa-
sions PRA did not change despite a considerable drop in BP in
two. This lack of PRA stimulation might be related to a
sympathetic dysfunction, because in such patients plasma cate-
cholamine concentrations are also unresponsive to dialysis-
induced volume removal [28].
In sum this study showed that tissue hydration has a major
influence on the decrease in PV during UF, in that the more the
tissues are hydrated, the more a decrease in PV is prevented.
This appeared to be the case not only immediately after UF but
also 1 day after UF. Therefore, in studying volume redistribu-
tion during fluid removal the total ECFV should be considered.
After UF a gradual recovery of the PV took place, a process in
which tissue compliance and albumin redistribution probably
play a part.
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